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October 7, 2002

1 Problem 1

The irradiance for two interfearing waves is given by Eq. 3.3 to be
1(8) = |E\|* + | Ba|? + 2F) - Ej cos .

In the case of the Fraunhofer diffraction the phase difference between two waves is § = kAx =
khsin@ = khsin(Y/D). (And we also assume that two waves have the same amplitudes
E, = E; = E, in order to be able to express the irradiance as a function of just Iy and d).

a).
El'EQZO

I(8) = E? + E? = 2],

b). Now we have a polarizer in front of the screen and both of the waves come out parallel
to it, but with reduced amplitudes £ — FE cosf, where 6 is the angle the field makes with
the polarizer. Thus Ey, By — E/+/2, and

I1(0) = E?/2 4+ E*/2 + E* cos 6 = Iy(1 + cos )
c). This is the same situation as b), except B, — E/v/2 and Ey — —E//2. Thus
I(0) = E?/2+ E*/2 — E?cos § = Iy(1 — cos )

2 Problem 2

a). The order of interference is given by Eq. 4.10 to be
2nd

N = cost + 9,,

o

where 0, is the phase change for the reflected wave (and it is 0 since the reflections are taking
place inside of the thicker medium). Thus

N =3.3%10"°cos®.



b). Equations 4.13-4.14 tell us that
72
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T2

Tmin )
(1+ R)?

Tmam =

|>. Thus the ration is

where R = |r

(1-R)?

c¢). Using Eq. 4.18 the resolving power is

w _ ckdVR _ 2mdVR 10
bw c(1-=R) XN(1—-R)

where w = ck was used.

3 Problem 3

Here we can look at the transmitted field (using a variation of Fig. 4.1) to get

FEotqt
Er = Egtqty Z(Tﬂ“Q)n = S B 2E0\/ﬁ/(]_ + n)’

n 1—T‘1T2

where we used the facts that |r| = 2=, T =1 — R = > and if the algebra is done correctly

the index of refraction of the film drops out. Then we can compare it to the case where the
beam is incident on glass with no film and find that the transmittances in both cases are

(1iz)2. (You can also use Eq. 4.32 with kl = ).

4 Problem 4

For this problem we use Eqns. 4.27-4.28 (kI = 7 for both layers) and

—77/2/711 0

)- (1)
As a result we get equations
1+7r=—ny/nit =—1.27¢

and
1—7r=—npny/ny = —1.19¢

the solution to which is |r|*> = 0.00095.



5 Problem 5

With the use of ¢, = ¢ + (n — 1)A¢, and remembering that summing from 1 to N is
equivalent to summing from 1 to infinity minus the sum from N + 1 to infinity we have

N " " N Ad " PRI (eiAd’)N'H
nz::le " =e Ongl(e ) = e 0(1_67:A¢_ 1_61A¢)
Then using ¢ —1 = 2i€i9/2w = 2ie%/?sin §/2 we have
i gion — gor (L= ionennopa-soy S0 NAG/2
n=1 1 —¢itd sinA¢/2

Since ¢ = (¢o + (N + 1)A¢/2), we have proven the result.

6 Problem 6

This situation is the same as Problem6 on HW4, except all of the slits have the same width.
Repeating the analysis we have

E, = B, + Ey + B3 = Ege' ™0 (1 4 & 4 27

Thus

— —

’E_;‘Z — ES~ES* _ E—»O‘EO*(1+6i6+62i5)(1_'_677;5_'_6722'6) — |EO‘2(3+2ei5+€2i6+267i5_|_6*2i6) —

— |Eo|*(3 + 4 cos § + 2 cos 28) = 1(6),

where 0 = khsin = kh#@ is the phase difference between the neighboring slits. The maximum
irradiance is at the center (6 = 0), therefore

1

I(9) = %(34—40085—1—2(30825)
a).
'[mllfﬂ
I =
(m) =
b). The cosines average out to 0. Thus I,, = f2e= and 1(0)/I,, = 3.

7 Problem 7

a). For a double slit the irradiance is given in Eq. 5.27 to be

sin 3
G

1(0) = Iy( )2 cos?y,



where 23 = kasin@ and 2y = khsinf (a is the slit width and h is the slit separation). The
(interference) maxima occur at v = nm, but the fourth one is missing because sin § = 0 at
its location. Thus

2y 8m 28 2«

ksin = — = — —.
St h h a a

Thus h = 4a = 0.4mm.
b). The maxima occur at v = nm and therefore at 3 = aksin0/2 = nwa/h = nn/4.
Then I, /Iy = %, LI, = %, I3/Iy = 9%.

8 Problem 8

From Eq. 5.24 we can see that for a circular aperture

I =1y(2J1(p)/p)?,

where p = kRsin6 = kRr/D (r is the distance from the center on the screen and D is the
distance to the screen, i.e. the focal length). The radii of the first two rings correspond to
the first two maxima of Jy(p). Thus r = pD/(kR) = 0.015mm, 0.025mm, where the light
was estimated to have a wavelengh of 500nm.



